Design and utility of temperature-sensitive Gal4 mutants for conditional gene expression in Drosophila.
Temperature-sensitive (ts) mutants are valuable tools to study the function of essential genes in vivo. Despite their widespread use, little is known about mechanisms responsible for the temperature-sensitive (ts) phenotype, or of the transferability of ts mutants of a specific gene between organisms. Since ts mutants are typically generated by random mutagenesis it is difficult to isolate such mutants without efficient screening procedures. We have recently shown that it is possible to obtain ts mutants at high frequency by targeted mutations at either predicted, buried residues important for protein stability or at functional, ligand binding residues. The former class of residues can be identified solely from amino acid sequence and the latter from Ala scanning mutagenesis or from a structure of the protein:ligand complex. Several ts mutants of Gal4 in yeast were generated by mutating both categories of residues. Two of these ts mutants were also shown to result in tight and rapid ts reporter gene-expression in Drosophila when driven by either the elav or GMR promoters. We suggest possible mechanisms that might be responsible for such transferable ts phenotypes and also discuss some of the limitations and difficulties involved in rational design of ts mutants.